ABSTRACT
INTRODUCTION
Significant unconformities of Eocene age occur in the Gippsland, Torquay and Otway Basins of Victoria (Fig. 1 ). In the offshore Gippsland Basin, sandstones below the Top Latrobe Unconformity form the major reservoir interval for the basin and are characterised by tectonic deformation and subsequent tilting. Recent work suggests similar angular unconformities are present in the adjacent Torquay and Otway basins related to events during the opening of the Southern Ocean/Tasman Sea (Fig. 2) . This paper examines the nature of these unconformities to document the history of tectonics and exhumation during the Eocene.
In the Gippsland Basin a regional unconformity was recognised across the top of the Latrobe Group from the earliest seismic and drilling data (Threfall et al, 1976) (Fig. 3) . The angular unconformity best expressed over the uplifted hydrocarbon field areas can be shown to be prior to Seaspray Group deposition (i.e. prior to the Oligocene). In some inner shelf fields, e.g. Barracouta and around the basin margins, the angular difference is probably not evident in seismic data, where many of the structural features are younger in age. In the deeper water areas of the basin Eocene channelling complicates structural interpretations (Fig. 4) , and deducing the relative influence of tectonic tilt, erosion (Eocene or younger) and channel erosion is controversial (e.g. Johnstone et al,2001; Bernecker and Partridge, 2001) . Thin condensed marine units such as the Gurnard Formation that occur in the shelfal and channel areas appear to include strata that are missing elsewhere (James and Evans, 1971) . These strata were thought to underlie the seismically mapped Top Latrobe.
There is a surprising lack of published literature on the nature and causes of the Top Latrobe Unconformity in the Gippsland Basin given its economic importance. Partridge (1976) viewed it as an extensive zone of non-deposition developed seaward of the marginal marine environment clastic depositional environment of the Latrobe Group. With a relative rise in sea level during this period, sequences regressed onto the margins of the
THE GIPPSLAND BASIN TOP LATROBE UNCONFORMITY , AND ITS EXPRESSION IN O THER SE AUSTRALIA BASINS
basin leaving increasing areas of non-deposition seaward of the deepening depocentre. Thus the Top Latrobe event was due to non-deposition as much as erosion. Duff et al (1991) described the unconformity in relation to seismic megasequences, with Top Latrobe representing a dominantly regressive sequence, and suggested that this sequence lacked transgressive/aggradational deposits due to increasing basin relief. Other authors did little to outline the characteristics of the unconformity, even though their diagrammatic representations of the relative position of Latrobe to Seaspray groups in the basin show an angular unconformable relationship for many fields (e.g. Bodard et al, 1986; Rahmanian et al, 1990) . Recently Johnstone et al (2001) presented results for a base-Eocene channel play where erosional remnants of the Top Latrobe could be isolated and sealed by later channel cut and fill. The aims of this paper are to: 1) Determine the age of the Eocene unconformities in southeastern Australia basins. 2) Determine the timing and magnitude of deformation and exhumation and relate these to events during the continental breakup of southeastern Australia (including the Southern Ocean and Tasman Sea).
STRATIGRAPHIC AND STRUCTURAL OVERVIEW
The Gippsland, Bass, Torquay and Otway Basins are related basins in the fragmentation of Gondwana and the separation of Australia and Antarctica and the Lord Howe Rise (Elliott, 1972; Fig. 2) . From latest CretaceousEocene times , the Gippsland Basin became a failed rift. Initial high sedimentation rates decreased as the basin evolved from fault-controlled depressions into marginal sags (Rahmanian et al, 1990) . This was coincident with the Tasman Sea opening at 75 Ma. At ~57 Ma separation between Australia and the Lord Howe Rise ceased. At ~40 Ma southern ocean spreading rates changed from <1 cm/yr to ~5-6 cm/yr opening a narrow seaway to a width of over 2,500 km (Cochrane et al, 1991; Fig. 2) . During this period erosion, canyon incision and infilling of canyons occurred. Also compression initiated in the Early Eocene continued variably through to the late Miocene (Rahmanian et al, 1990; Johnstone et al, 2001 ) producing a series of northeast-southwest trending anticlinal axes and minor east-west folds. Uplift and erosion associated with this structuring led to the formation of the Top Latrobe Group unconformity. 24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
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Gippsland Basin
The Gippsland Basin covers an area of approximately 50,000 km 2 . It is filled with an estimated volume of 125,000 km 3 of Lower Cretaceous-Recent sediments (Threlfall et al, 1976) . Almost four-fifths of the total area of the basin lies offshore (Fig. 1) . From seismic data, the maximum thickness of the Latrobe Group is estimated to be about 5,000 m (Threlfall et al, 1976; Abele et al, 1988) . It is subdivided into lower, middle and upper tectonostratigraphic sequences separated by unconformities or disconformities in the Campanian and the Eocene (Smith, 1988) . Bernecker and Partridge (2001) introduced subgroups and formations for the middle and upper Latrobe Group, but did not define them in the paper, thereby negating their use here. The Early Eocene (Middle M. diversus)-Middle Eocene upper Latrobe Group (the main focus of this paper) comprises mainly thick sandstone or mudstone or coal dependent on position in the basin, overlain by a thin shallow marine sequence referred to as the Gurnard Formation.
Subaerial channels periodically incised into the marginal marine shelf until drowning in late Eocene. Restricted marine to estuarine pyritic/micaceous shaly siltstone of the Flounder Formation (up to 500 m thick) infill the Tuna-Flounder Channel (Figs. 3 and 4) (Abele et al, 1988; Bodard et al, 1986; Taylor, 1983 Taylor, , 1986 Holdgate et al, 2000a) . The Marlin Channel erodes into the middle Latrobe Group down to sediments of Palaeocene age (L. balmei zone). The Zonule O fill of the channel constrains the age of incision to the early part of the Middle Eocene (ca. 43-47 Ma). Marshall and Partridge (1988) suggested an age of 49.5 Ma based on the Haq et al (1988) sea-level curves, presuming a eustatic origin for the downcutting. Bernecker and Partridge (2001) indicate an oldest age of around 46.5 Ma.
The Gurnard Formation is often interpreted to be the upper unit of the Latrobe Group, although our data suggests it lies above the Top Latrobe Unconformity. This formation occasionally forms a joint reservoir with the Latrobe Group sediments; is late Middle-Late Eocene in age and therefore was placed in the Latrobe Group by James and Evans (1971) . Around the Lakes Entrance Platform, sideritic sandstone and gravel of the Colquhoun Formation occur and these have an uppermost Eocene or lowermost Oligocene age (Hocking and Taylor, 1964) .
Unconformably overlying the Latrobe Group is the Seaspray Group. This is a succession of deep marine to open shelf non-tropical carbonate marl that forms a regional hydrocarbon seal to the Latrobe Group. The lower units (previously assigned to the Lakes Entrance Formation in the offshore) are now referred to as the Angler Subgroup (Holdgate et al, 2000a) . This unit comprises glauconitic mudstone, marlstone, sandstone and siltstone of Oligocene-Early Miocene age. This is overlain by up to 1,500 m of the Albacore and Hapuku Subgroups that range in age from Middle MioceneRecent (Smith, 1988; Holdgate et al, 2000a) .
Torquay Basin
The Torquay Basin is located between the Otway Ranges and the Mornington Peninsula-King Island Basement Ridge (Fig. 1) . The Tertiary sequence of the Torquay Basin comprises three main Groups; Eastern View Group, Demons Bluff Group and the Torquay Group. The Eastern View Group rests unconformably on the lower Cretaceous strata and has a Late Cretaceous (T. lilliei zone)-Middle Eocene (Lower N. asperus zone) age. Sediments include non-marine to marginal marine sandstone, carbonaceous sandy claystone, mudstone and brown coal. Individual coal seams can be over 30 m thick, are typically less than 10 m thick (Abele et al, 1988) . 
Otway Basin
The Otway Basin in western Victoria comprises a linked east-west set of rifted grabens and half grabens initiated early in the Mesozoic overlain by a wedge of drift phase siliciclastic and carbonate sediments of Cenozoic ages (Fig. 1 ). The Otway Basin covers an area of about 60,000 km 2 and pinches out to the north (onshore) on outcropping Palaeozoic basement rocks. To the south (offshore) the basin ends at the base of the present continental slope (Fig. 1) . The earliest Tertiary siliciclastic sedimentary sequence in the basin is the PalaeoceneMiddle Eocene Wangerrip Group, which overlies the Upper Cretaceous Sherbrook Group. During the Late Eocene, the sediments became increasingly dominated by cool-water carbonate deposition that persisted to the Late Miocene (Abele et al, 1988) . These strata include the Late Eocene-early Oligocene Nirranda Group and the Miocene open-marine carbonate sediment of the Heytesbury Group. Truncation of the top beds of the Wangerrip Group is apparent on regional cross-sections and offshore the seismic profiles show progradational clastic and carbonate downlap onto the Wangerrip Group (Fig. 6 ). The correlative Top Latrobe unconformity occurs within the Lower-Middle Eocene strata (Holdgate et al, 1986 ).
METHODS
A total of 46 wells on four regional seismic lines were used in the Gippsland Basin study (Fig. 7) . Palaeontological data was obtained from well completion reports supplied by the DNRE (1999) and Taylor (1983 Taylor ( , 1986 . Foraminiferal data was mostly used to determine the age of the marine Seaspray Group and the Gurnard Formation. Palynological and foraminiferal data was used to date the Latrobe Group sediments. The age data depth positions were converted from depth (metres) to two-way time using time-depth curves and synthetic seismic/geophysical log displays to match the seismic lines. Chronostratigraphic sections were constructed following the trend of the four main seismic lines (Fig. 8) . The time scale used is that of Berggren et al (1995) . Missing zones in the wells were marked on the chronostratigraphic diagrams by vertical lines (Fig. 8) . Data on the onshore Gippsland Basin was compiled using 27 key wells and bores with recent palynological data from the Latrobe Group (DNRE, 1999) . This was correlated to the offshore data using the work of Holdgate et al (2000b) . Data on the onshore Torquay Basin and in particular the Eocene exposures in the Anglesea open cut mine were mapped by Smith (1998) and combined with the subsurface data (Holdgate et al, 2001 ). The Otway Basin data comes from deep stratigraphic bores drilled by the Geological Survey of Victoria. Similar to Gippsland, outcrops with evidence of Eocene tectonic events do not occur in the Otway Basin.
RESULTS
Constraining the age of the Eocene unconformities in the Gippsland Basin
Four chronostratigraphic cross sections (Fig. 8) N. asperus (Zonules O to P) or older, and are eroded by the Latrobe Unconformity. e) There is a lower unconformity in the Early Eocene that can be seen by the absence of M. diversus zones in many well sections, and referred to here as the Mackerel Unconformity.
Constraining the nature of the Eocene unconformities from lithostratigraphic crosssections in the Gippsland Basin
Lithostratigraphic cross-sections were constructed over several field areas where there is closer spaced well data to illustrate details of the Latrobe Unconformity. These include the Bream field cross-section (Fig. 9) appears to be few age zones that cross over major lithological boundaries.
Constraining the nature of the Eocene unconformities from regional seismic lines in the Gippsland Basin
The middle shelf regional seismic line B-B' is derived from the G92A 2D survey and includes 17 wells (Fig. 11) . The Top Latrobe is an obvious unconformity above a 0.25 second interval containing a series of strong continuous reflectors. At Turrum-1 the large Marlin Channel cuts through this interval to a depth of about 1.50 seconds. Some reflectors continue on the northeast side of the channel at Sunfish-1. Integration of the seismic section and biostratigraphic data indicates a thin unit of Lower N. asperus age directly underlies the unconformity except north of the Marlin Channel, on the crest of the Marlin structure, and forms part of the fill of the channel. The Upper M. diversus zone thickens off the Marlin structure to the southwest. The Flounder Channel cuts through the Lower M. diversus zone into the Upper L. balmei zone. The Upper L. balmei zone is present throughout the entire section at least southwest to Bream.
The outer shelf regional seismic line D-D' derived from the 92A survey also includes 17 wells (Fig. 12) . The Top Latrobe unconformity occurs at the top of a series of thick strong continuous reflectors especially around the Halibut-Flounder region into which it can be seen to truncate. These reflectors underlie the Flounder Channel at Flounder-1 and 5, and they in turn are truncated to the southwest by the Top Latrobe unconformity. Integration of the seismic section and biostratigraphic data indicates a similar story to line B-B' but in general the zones have thinned. The youngest zone that is truncated at Albacore-1, Hermes-1, and Helios-1 underneath the Latrobe Unconformity is the Lower N. asperus Zone zonal age are localised around Stonefish and Kipper. The Upper L. balmei zone is widely distributed except between the Mackerel and Halibut wells where it is truncated by the Top Latrobe unconformity. Northeast of the Flounder Channel the zone thickens at Grunter-1. The Lower L. balmei zone is continuous over most of the section, being thickest at the East Halibut structure and continues under the Flounder Channel.
The northwest-southeast orientated seismic line Z-Z' ties line B-B' near the Marlin-2 well to line D-D' at Teraglin-1. Nine wells lie along or close to this line (Fig. 13) . The large channel at Wrasse-1 is the Marlin Channel. The near Top Latrobe strong parallel reflectors appear to be truncated by the Marlin Channel. These strong reflectors are present over the entire section. The Lower N. asperus zone, present between Emperor and Marlin, is both truncated by the Marlin Channel and present in the channel fill. This is best explained by the long duration of the zone (8 Ma) with the channel fill in the younger part of the zone; or that the two are facies equivalents. This zone also occurs in the Marlin Channel on the Halibut structure. The P. asperopolus, Upper M. diversus and L. balmei zones are cut by the Marlin Channel (and/or Hapuku Channel) at Hapuku, with the latter zone capping the top of the Hapuku structure (Gross, 1993) . A smaller channel near Pilotfish-1 has cut through the Lower L. balmei zone into the T. longus zone. The seismic line Z-Z' in Figure 14 shows the same line flattened (datumed) on the Esso Mid-Miocene reflectora common mappable reflector within the Angler Subgroup of mid Early Miocene (Taylor zonule G-H) age representing the 20 Ma restored surface. The angular unconformity, truncation of the Latrobe Group by the Top Latrobe unconformity, and the Latrobe Group general back-tilting towards the NW is clearly expressed on Figure 14 , with only minor deposition of strata older than 20 Ma on the Marlin structure after folding had ceased.
The seismic suggests that the upper Latrobe Group, where preserved, is characterised by strong reflectors no younger than Lower N. asperus (Middle Eocene) zone. The Tuna-Flounder and Marlin Channels may, however, have truncated strata as old as the Lower L. balmei zone, and replaced strata as young as Lower N. asperus zone, and are infilled with younger units of the P. asperopolus -Lower N. asperus zone restricted marine to estuarine sediments.
Defining the Eocene unconformities from bore data in the onshore Gippsland Basin
The recognition of the Latrobe unconformity in the onshore part of the Gippsland Basin has been hampered by an inability to seismically determine this event due to the occurrence of the thick Traralgon 1 coal overlying the surface. The problem is compounded in the Latrobe Valley where thick Miocene coals replace the Seaspray Group above the horizon. Thompson (1980) suggested the unconformity should be placed at the base of the Lakes Entrance Formation restricting the Latrobe Valley Coal Measures to the Latrobe Valley, and the Traralgon Formation coal measures to the Latrobe Group. This idea, however, has not been widely accepted due to the difficulties in separating the formations in the intermediate areas.
Using coal exploration bores at Alberton in South Gippsland, an unconformity surface was interpreted by Holdgate (1982) , Thompson and Walker (1982) between the Alberton B and C coal seams of the Alberton Coal Measures and the C and D seams of the Traralgon Formation. This relationship has not been verifed seismically. Holdgate et al (2000b) Figure 15A illustrates a well cross section between the onshore and immediate offshore part of the basin. It uses a datum along the base of the Traralgon 2 seam, and indicates the local erosion to the top of the seam, and the extent and correlation of the Traralgon seams into the offshore area. The Rosedale Fault controls the northern extent of the Traralgon 2 coal measures ( Figure 15B ), and therefore subsequent fault movements reverse this sense of throw after the Top Latrobe unconformity. The major angular unconformity across the Baragwanath Anticline is a younger event, of Late Miocene age (Dickinson et al, 2001 ) that has in the past been confused with the base-Miocene Lakes Entrance Formation and top of the Latrobe Group unconformity (Hocking and Taylor, 1964) .
Eocene unconformities in the Torquay Basin
In the Torquay Basin a low (5°) angular seismic unconformity of similar age to the Latrobe Unconformity is evident in the offshore basin between youngest (Middle Eocene) Eastern View Group beds and oldest (Late Eocene) Demons Bluff Group beds (Trupp et al, 1994, Fig.5 ). In the Anglesea coal mine this boundary is exposed in the high wall of the open cut, as a low angle unconformity between the A Group coal seam and the overlying Boonah Formation (Fig. 16 and 17) . This represents the only known exposed example of the Latrobe Unconformity Eocene event in the southeastern Australia basins.
The A coal seam is Lower N. asperus zone (Middle Eocene) in age (Christophel et al, 1987) and is unconformably overlain by Middle N. asperus (Late Eocene) Demons Bluff Group Boonah Formation sandstone and Salt Creek Formation (Christophel et al, 1987; Holdgate et al, 2001) (Fig. 5) . Because of the long time range for the Lower N. asperus zone, however, the position of the top A Seam at 39.1 Ma is based on sequence stratigraphic considerations, and could equally be moved down to below the 42.6 Ma event. In most areas there is a thin crust of iron oxide along the unconformity. Further west of the mine area coal seams of M. diversus zone subcrop below this unconformity, this controls the area of economic coal reserves throughout the Anglesea area. A bore cross section at Anglesea mine and stratigraphic data (Figs 5 and 16) suggest several unconformities below the A Group coal seam based on erosion and stripping to the B Group of seams of P. asperopolus-M. diversus age. They appear to have a similar timing to the Middle M. diversus unconformity in the Gippsland Basin (Johnstone et al, 2001 ; Fig. 8 ).
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Eocene unconformities in the Otway Basin
In the onshore Otway Basin a similar low-angle unconformity can be demonstrated between top-Dilwyn Formation (Palaeocene-Early Eocene), and baseNirranda Group (Late Eocene), suggesting the widespread nature of the Latrobe Unconformity and equivalents in the southeast Australian coastal basins (Fig. 6) . The timing of this event is similar within the Middle Eocene strata and constrained by the oldest age of late Middle Eocene obtained for the Nirranda Group sediments (Gallagher and Holdgate, 2000) and the youngest age of P. asperopolus zone (late Early Eocene) for the Dilwyn Formation (Burrungule Member) (Abele, 1994) . A thin unit (between these strata) of marine sandstone locally known as the Sturgess Point Member in the Port Campbell Embayment yields a Lower N. asperus zonal age and may be a time equivalent to the A coal seam at Anglesea. A well log section (Fig. 6 ) between Casterton-2 and Voluta-1 follows a dip line across the Portland Trough, and illustrates truncation of Dilwyn Formation beds to the north and south of the trough at this unconformity.
DISCUSSION
The most obvious seismic features on the Top Latrobe Surface in the Gippsland Basin are the channelling, strike ridges and other structural highs. From the base of the Marlin Channel incision to the top of the resultant strike ridge to the north of the channel there is a relief 600 m, and this suggests a large amount of Eocene erosion has occurred (Marshall and Partridge, 1988) . The development and shape of these features may be related to the presence and relative abundance of sandstone lithologies near the Top Latrobe. The strike ridges were clearly resilient and did not undergo extensive erosion. In the basin centre along the Flounder Channel, once the sandstones were eroded, excavation of the less-resistant thick shale units below would have proceeded rapidly. Channel development appears to be preferentially located within the basin centre possibly in topographic lows, whereas the southwest area is relatively structure-free. It is here that the age of the Top Latrobe unconformity can be best constrained.
If the relative amounts of time missing at the unconformity are considered, however, (as represented by the absence of palynological or foraminifera zones) then the greatest amount of erosion occurred in Mackerel-1, East Halibut-1, Kingfish-3, Kingfish-2, Roundhead-1, Sweetlips-1 and Trumpeter-1 where over 20 Ma is missing. These wells correspond to regions of pronounced structure at Top Latrobe and clearly experienced preferential erosion and prior-Top Latrobe uplift. Some structures remained as elevated strike ridges for considerable periods of time after folding such as Marlin, where final burial and seal did not occur until the Early Miocene-nearly 20 Ma later.
Areas of minimal erosion include Bream, Luderick, Barracouta and Tarwhine where there is no pronounced anticline growth prior to the Eocene. In detail, however, a low angular discordance can be seen such as at the Bream field (Fig. 9) where truncation of sandstone beds at the top Latrobe indicate tilting and block faulting prior to or contemporaneous with erosion.
In the Anglesea Coal Mine this angular relationship is clearly exposed by progressive truncation of lithotype layering within the A coal seam by the overlying Boonah Formation sandstones (Figs 16 and 17) .
A similar but younger angular unconformity is exposed in the Latrobe Valley between the Miocene coal measures and the overlying Pliocene Haunted Hill Formation (Dickinson et al, 2001) . A number of features have been noted at this unconformity that may be applicable to the offshore Latrobe Unconformity. At Loy Yang open cut, a combination of erosion of the brown coals beds and differential compaction between coal and siltstone interseam beds produces an irregular weathered zone up to 10 m thick. Within the weathered zone, coal lithotype layering and interseam sediment layers show rollover features (Bolger, 1984, Fig.18 ) such that shallowly dipping (5-15°) coal measure strata become locally concordant with the unconformity. In the weathered zone the original coal has experienced a considerable volume decrease (5 0%), is often fragmented, granular in texture, highly gellified, faulted, and has a higher vitrinite reflectance (up to 0.2% higher) than unweathered coal below. Large tongues of weathered coal penetrate into the overburden clays. The in-situ coal seam moisture content can be reduced by up to 24% and the ash content (especially aluminium content) increases to 14%. If similar rollover and weathering effects occurred within the interbedded sandstone and coal measures at the Top Latrobe (easily accounted for since the Eocene Latrobe Group coal was at a similar brown coal rank) detailed sampling across the Latrobe unconformity could easily mask the nature of the contact. In fact the seismic details at the angular unconformity often appear to be fuzzy and/or with faintly concordant layering, possibly reflecting similar rollover and weathering effects to the Latrobe Group immediately underlying the Latrobe Unconformity.
The age of the Latrobe Unconformity and its related structures can be constrained using the ages previously determined for the Flounder and Marlin Channels. Using biostratigraphic data, lithostratigraphic cross-sections and seismic data, the youngest zone below the unconformity is Lower N. asperus zone that occurs either From Bolger (1984) . (Holdgate et al, 2000a; Wallace et al, 2002) . In places channel fill and deposition outside the areas of the channels was also penecontemporaneous.
In most of the wells examined, the Gurnard Formation (where present) can be dated to the Middle N. asperus zone (Taylor Zonule N) . In a study of the foraminiferal biostratigraphic data Taylor (1983 Taylor ( , 1986 found that Gurnard Formation in Albacore-1, Bream-4A, Bonita-1, Cobia-2, Gurnard-1, Kingfish-3, B-1 and -6, Marlin-4, Moray-1, Nannygai-1, Opah-1, Rockling-1, Selene-1, Tuna-3 and Turrum-1 was no older than Zonule N (i.e. this unit is no older than the late Middle Eocene-P14 zone). The Gurnard Formation, although technically part of the Latrobe Group, appears from this work to lie above the Top Latrobe Unconformity. It is principally a thin laterally discontinuous unit covering the Latrobe Group. The older (Middle N. asperus) ages interpreted for the base of this unit by Bernecker and Partridge (2001) may have been the result of lithostratigraphic nomenclature problems in well completion reports, where marine units in the Latrobe Group and the Gurnard Formation were poorly distinguished. In addition, reworking of pollen and spores from the Latrobe Group and the possible presence of a weathered zone at Top Latrobe could also lead to misidentification of this unit.
The age of the unconformity can be related to regional tectonic events. An increase in the rate of drifting between Australia and Antarctica from less than 1 cm/yr to about 5-6 cm/yr occurred around 40 Ma (Cochran et al, 1991) would cause rapid slippage on half graben faults and subsequent differential rotation of blocks particularly in the Otway and Torquay Basins. In Gippsland inversion events with compressional activation of the cross ramp fractures was also occurring. This fast spreading could also precede marine transgression into the basin such as the Gurnard Formation. By implication, this event could further constrain the age of the Top Latrobe Unconformity at closer to 40 Ma compared to its older potential age at 45 Ma or at the boundary of the Lower and Middle N. asperus zones (at 39 Ma).
CONCLUSIONS
The estuarine to marginal marine Flounder Formation (i.e. the fill of the Flounder Channel) is confined to the Upper M. diversus-P. asperopolus zones that includes the Middle Eocene Zonules O-P. The marginal marine Turrum Formation (the sedimentary fill of the Marlin Channel) was deposited during the Lower N. asperus zone-Zonule O. The oldest Gurnard Formation strata is of Middle N. asperus zone-Zonule N age and preserves the first record of late Middle Eocene transgression into the Gippsland Basin. The Seaspray Group (with some breaks) was deposited from Upper N. asperus zone-Zonule J2/K age through to Recent. The Top Latrobe unconformity lies between the upper Latrobe Group/Turrum Formation/Flounder Formation and the Gurnard Formation across the whole offshore basin. In the onshore basin it occurs between the Traralgon 1 and 2 coal seams.
The Top Latrobe in the Gippsland Basin shows large amounts of erosion (up to 600 m in the Marlin Channel) and resilient sandstone strike-ridges resulting in a significant topography.
The age of incision of the Flounder Channel is about 51 Ma and that of the Marlin Channel incision initiated about 47 Ma. The initiation of channeling was probably due to a combination of uplift and eustatic effects during which sub-aerial erosion occurred.
The amount of erosion across the Top Latrobe is variable, although it is greater on structural highs. In stratigraphic terms, this erosion has removed over 20 Ma of the sedimentary record in some areas.
In the Gippsland Basin the age of the Top Latrobe Unconformity can be constrained to between about 40 and 44 Ma based on a consideration of the age of channel fill.
The Latrobe Unconformity is an angular unconformity. It occurs in the Anglesea coal mine where the Latrobe Unconformity lies between the Eastern View Coal Measures (Lower N. asperus zonal age) and the Boonah Formation (Middle N. asperus). Here the angle is about 5 °. It is also present in the Otway Basin between the Wangerrip and Nirranda Groups.
The Latrobe Unconformity and its equivalents in the three main southeastern Australian basins are most likely linked with the onset of faster spreading rates in the Southern Ocean around 40 Ma. Rapid fault slippage and half graben rotations coupled with marine transgressions are noted in all three basins at this time, and inversion events with compressional activity also occurred in the Gippsland Basin and to a lesser extent in the Torquay and Otway Basins.
